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SPEClFfCAllON FOR DENSl^ Ul'lUMINOUS MACADAM 


1. INTRO nCCTION 

The initial draft.nf Ljie SpecificaLiOJi for Dense Bituminous 
Macadam was prepared by ihe Miaistry nrTraftspo.rt, Deptt. of 
Surface Transport CHoads Wing). On the re’qiieSL of the .Ministry, 
it was placed before the. Bitu rhino ns Pavements Committee 
(personnel given below) iri their 


I2th December^ 

Prof.G, O, Swamirtiii han 
P, Bhaskaran 

R;C. ArorS 
Dr. Aran Kuinar 
R.T. Aire 

A. K* Bhattath&tya 

^.P, Bharfiftva 

B. Mh Dafl 
Y.C. Gokhalc 

R. Ah Goel 

O. P. Gupta 

S. Hatadappi 
Mh&. Jayawam 
V.P, K^rndar 
ShS. I^as GuplU 

P. K. Ladiia 
B.K, MalhoLra 
K.P, Nair 

T. H, PeshorJ 


meeting lieid at Madras on the 

Convenpf 

BatLqb Prasad 
S,K. Sharma 
Sheonandaii Prasad 
G.Nb Shorn,hu 
N. SJvafiUtti 

ktp. of E-Jn-C., A.H.Q. 

(Lt. Cob Kamledi Prakash) 
Director. Hiahwo-ys Resdai'ch 
.‘^tsTiutir Madras 

Direet or.. .Gujarat En^g. Rc^scarcli 
InstL. fC-Di. Tligttc) 

A RjSp . of D.G.B.B, 


A Rep. of tterat&TiJiihway 
Researcli Institute- 
G.E, (MZj, C,P AV D< 

Director, R&B Rcs^.. Instt., 

Weal Berv^E 

Tltc Prosid^nttliidiiin Roads'Congi'c^(R.T. At.re) 

Tii<! Director General (Road DevelopOi'o'rH) & Addl. S$cy,. 

to the Govt, of India {K'.K. Sarin) -£x-o,^cio 

The Secretory. Indian Road-s Cpng.resafNEnan Kpslti) ^Ex^oJ^cii/ 


The Bituminous Pavements Committee iifter long^delibera- 
tions oti the subject decided to entrust the job of redrafting the 
Specification to K.P, >Jair of l.QjO, R.S. Sliiikln olT C.R*RJ., 
and V. Bhaskara.ii .(Mpmbcr-S&cretacyi, Bituminou^: -Pavements 
Committee). 


The Specification a.;^ redr-afted,'^i.iid finalised b.y tlie’above 
mention eel Working Group was considered .by the Spepjficg'tion'a'& 
Standards Committee in tlicir meeting held on the'iSth Augast> 
l'JS6, This Committee set up another Working Group; comprising 
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K.S. Shukla, K:Pi P, Bhaskal'an und R-K. Saxena (.Chie^f 

Engineer Roads, M.O.T-) fesr ntakiivg. minor eli el nges'/modifications 
keeping in vie.w the comments of tJle niCnTtjers. This Gronp'held 
its meeting on the 4.tb S.cptembej, 1986 and finaliaed the Speciflea- 
lioTi for placing before the Executive Committee and the'Conncih 

The Speciljcation for Denso BEtn miaous Maciidam '^vas 
approved by the Executive Committee and later by the Council in 
their 1 nth meeting held jat-Sririagar on the 1 9 th ’Septe'm'be:!;;j 1 986 
for being published by tlic Indian Roads Congress-, 

‘•■Sh 

2. SCOPE 

This ipecifiOatiOii de'als-with 'tli^-biiflic rnitlihes for the design, 
construtiibh and c-ortr'of needed, for denae'^ bituminous macadam 
to be used bindcr/base course for ptivemeuts. It only- highlights 
the essentials so as to be. oPuse nvhi.k. pr.epanng the cprit'raetual 
docurhents Ibr .ape.dfi^ jobs of (hi^ type and hs such it is not-intended 
to be a""detailed cOdd'of pr-actiee; 

li DElSitiN CRITEHrA 

Being a Itigb cost ^specificufibn, dense bituinitiOns 
macadam mixes- shall be properly designed based on a--st-andaid 
design method so ,as to^SEitisfy certain criteria, needed to assure 
adequate . sta^bjJity and durability, Th.u tuis a^ designed aiid' laid shall 
satisfy Ihe require ments given jn T^ibfe 1., wbidh. 'EtTe' based du 
Marshall meth.od and suggested for the sake of uniformity. 

Ta blj; 1 . Reoui fl-r H a -o r th e Nt ix: 


(I) Nujtibc-r of cOinpactiOrt blnw^^cri each e-nd of Marshall 

Specimen 30 

(ji) MflishaJ] .stability In k,s,'tMinimum-) 340 

(hi) Marshall dow in mm 2.- 4 

dv) Per-cent void:;; in mix 5“ 10 

(v> Per. cent^vdlds in mineral 'aggregate filled with bitumen 55—73 
.(vi) Binder content per cent by weight oftotiil mix 4.S— 


It is ■su.gge.t.tcd {but hig-h$r stabill'ty^ydlues consisteni with other 
req uJ re me n tii sli o u i d be a.ch'icvi! d a -S fh-t 1t-s p a.S.3 i blc, AISQ, a 11 ta fii c 
stops, -parking -lariJ-a's. and round ah opts, it is recommended that 
near tu-iaimum flow vaJac bc-speeiJied. 
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4, MATERIALS 

4J. Ill order to^-satisfy thu above to critionud requirements, 
tht dense bitiimmong meoadam mix sbaJi. consist .o.f coarse 
aggregate, fine aggregate and filler in suitiable proportbn's, with 
required binder centsiiL Truly ^cp^e^il^Ota^jve santple. of .the 
aggregate-^ proposed to be used on the specific-job shall be tested 
in the 'desi gn la bo mtb I'y and pro per bj end o f tli e ..a gg regale^ shal 1 
be worked out s'-? that the gradatjon of the final compositibn yvill 
satisfy either of the two linn its set forth in Table 2. 

TahIvE 2 . CjWAOATid'Ncvp TUB MmERAL AnoaidA'n: iN inii Mis 


Grr^dins numbeir 


Sieve sfee 


2 


{perceettage Fassinii) 

37,5 mtci 

— 

1(10 

26J turn 

m 

&s—m 

19.0 mm 

€5-100 

71- 95 

13.2 min 

63- €2 

53— 82 

9.5 mm 

57^ 74 

52- 72 

4,75 mm 

39—54 

35— 50 

2.35 imn 

23— 43 

2B— 43 

^500 |*m 

15— 27 

15— 27 

'300 (im 

7— 31 

7— 21 

150 ]^nn 

5— 15 

5— 15 

73 ttm 

2— € 

■2- S 


For poinpa.ctt;d tliietness uptd 50 mm, grading I will pnly be 
used while a^^tbr'thickness gre(ite.r than 50 min; grading 2 'cpiild be 
used. The exact bitumen content required for''grading ] shall be 
.urdved at'as per Marshall procedure for tlie aggregate gradation 
w^orked otit in the laboratory and by using the S:ame paving 
biturrtoh proposed dr .likely tu be used In the fields The bititin^-n 
content for the grading 2 shall be computed from the volume of 
aggregates and thickness of the film^ It shall also be dcte:rmined 
by Mars ha 11^ Method, replacing tlie aggregates retained on 2d.5 nun 
sieve by the aggr^bgates passing 2b;5 rrtm and retained on IS.tJ mm 
sieve. The maximnin thickness of any single [ayeir shall not be 
more than 75 mm. 
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4.^. Tbs iifltLEG fjaiJs ah&ll J urthe-jr satisfy t!ie followmii nhvsical 
requirements, ^ 


_ 4.2A , Bitumen ; The bitumen fsliEth be paving bitumen'^of 

suitable penttration grade within thstrange ol'S^:35 to 8-90 or A*35 
^ 9'' ^ fndiiin Standard Speciiica i: Si>n f nr 

hiVN ng B lUimeiv/ I ■ 73 -■ 1 9^ ]. The actua] gradt of bitiiincn to be 
iise.d .shall be decided by the Eogineer-in-Ch'afge, appropriate fo 
the rs g ro n» t ra m c a n 6 an v r ro n in ijnt a i co n d iti o ns . 


4.2,2. Course aggregate ; The coarse, nggrcgatc sbal] be 
t.iushcd material retained on 2.36 mm sieve and shall be. crushed 
stone crushed, slug, crus lied gravel ^shingles) and shaj] coiisist of 
angular fragmentjf clcttn, tough and d(irab]e rock tVee from 

disintegrated .p£cc,e$ and organis or deleterious mutter and adherent 
boatrng.^, p[efe^a.b.[>^ the aggregate shall be hydrophobic and of 
tow porosity.: But If hydrophilljc aggregates are to be used, thp 
bttumen shall preferably be (leaied with antb'tripping agenTs/of 
approved quality f n -siiitablt dosea. In ease of porous aggregated 
fig'^ng more than 2^ per c^ent water, absorption extra bitumen for 
absorption by aggidgates nh.all be provided to, satisfy the dosign 
criteria. The aggregates, shall als.o Satisfy the physical reouii^e- 
ments as given fp Table 3. 'i • 


Tawi.* J 


Test 

Masimuiii per ccrri 


Agertaaic .Impftct VeiJiLc 

35 


Or Los- Angeles Abrasion VaUie 



Plakiiiasn tndex 

35 


Strapping Value 

9owndni;fi.s 

25- 


(i.) Loiis with Sodium Sulphate—J cycles 

U 


(ill Loss ft'irh KlasiieBsum Stalpliafe^ evcj; 

ca , IS 


Waiiir nhsorpLion 

■'2; 

-1- 



jVcff? For sl&g tJie aoli weighi than not bo less iharii 1L20 Its per ni' 


^ 4 2.3. Fine .aggre^^ufe : Fine B.ggrEgate- shall be the fraMfon pass¬ 

ing .l. 36 mm Sieve and relajned on TS'iunj S:ieve flonsistijig of crushed 
screenings, natursil i^Liiid or a mffttur^ of both. It shall be clean 

hard, d.arable. uncc^ated and "dry, free-Trom Wt and flaky pieced 

and organic or other deEcterious substances. 
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4-^A. Filler ; The requirement of fillej' in deniC hiiumint^us; 
msicadim khai I normally be met by tlie materiEil passing- 75 
'Sieve in fine aggregate! if In case the fine agglegate is 

deficient I'ri material passing 75 f.in sieve, eJitra filler shall be 
added?* Tlio filler shall he an inert material the U'iiole of w-hmh 
passes .600 fjm ^teve, at least 90 per eetit- pitssiog 150 fxm sieve and 
not lei^^r thim 70 per -cent passing 75 sieves The fillci- sbatl be 
stone dust, ce me lit, hydrated h me, ftyash or any other approved 
non-pbstic mineral matterr 

5, JOB MIX FORMULA 

While Lhe laboratory mis design gives the diffprent propor- 
ttons of the mineral aggregate combinadon in terms of individual 
sieve sIkcS-, for-actual operationaJ purposes in the field, blending ol 
two or more sizes of aggregate (each ' size’ having ^within it n ran^e 
of individual sieve, sizes) would be peecKsary, This blending ratio 
caD be 0 btained on a weight basis . g-iving the ^per cent^ weight -of 
the coarse filler needed to give the 

ultimate aggresatc gradEitioo, It can also be proportioned on .a 
voJam'ti trid bails based on the unit weight or bulk density of the 
aggregate supplied. This mineral aggregate .conribi-nation wnli 
optimum bitumen content us determintd in the laboratory 
Constitutes the job-mix foTimila. 

It is .emphasized that in order that this for-muJa be iidhcred to 
in pra’^ticej^the mix design sIiulJ be worked oui^ based on a correct 
and truly Teprcaontativ6 sample of Lhe mEttemis that will actually 
be Used in the specific construction project. 


6 . CONSTRUCTTOM 
h. I . PrepflffltioJi uf thu Base 

Tlie base on which dense bituminous n-iEicad:am is tx^ he laid 
shall be prepared, ishaped Eind conditiouad. to the specified liuis, 
grade and erbss-rsection , The-surface shaJJ be thoroiigh'ly swept and 
scraped clean and free. From dust, caked mud and other delelehoua 
m n t.e r ia Is etc , Whe r e t b e extatin g . base ia - pt>l holed o r r utic d , Eh e 
same shill I be rccitifiud by filling with premised bitiiminous^mEiterial 
well rammed and compacted. 

I 

If the existing .base is irregula^' and wavy, il may be 
coTtSidered necessary to provide a &uitab.le pr^ifile eorrectiyc. cour.^e 
oTadcquEite ilhickaess to rectify the profio both longitudinally and 
transversely before Uijnng the dense bituun-lnous mftcadaTnpourse. 
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A tMtc coat iiftlia rate uf S to 7.5 kg of bitumen net 10 mi 

exisfijig surface ia dry-. sraJ 
m E,!"'- ^ m-ona normal him 1 ni 11011 s 5 urfa.ee and 
i - m case of nioii-bjtiiimmt)xis.'"sLirfa<re*.i shsill be 

appljcd as dh-eetjeJ by the Erigiae^r-in-cliajrge,- ft iv^hciuld be 
an s It red. tliat [ ii it life- easy o f grti ti uly r surf a ce, the s im e ha$ be e-h 

S'Zd rr^ “TbnWtiw-SpedMi^&it for Primes 

as ^ ^ Bituromous Pinners" prior W layiiig tfiok coaf 

6.2. t^J’eparatJan.of Mix 

v y d fmfv or^^ iismg.a h.otHmtx plant c'lf iideqLi^te capacity to 

quality aad ihorou^hfy.co^ted 

ono hrivmg II y.o-Qrdcnated ^et Of e.srcntiai uidtti such dryer for 
heating ihe .aggregatea arrange rnenta fdr grading ^and batchiue by 
weight nr vojumy, iliy required quantities of. aggregaty^i^k bit Q men 
jng unit for m^eriug om the coTre<H l^ahdt/SS 
b ^ baddic thixer fbr hitimate mixing of 

feeder for inc.orporarfdn nAjie 
et quantrtj of filkr is also ii r[ece.ssary auxiliarv. 

6.i. I^preading of the Mix 

The mix-shiilJ bp CflrrktJ from thy mixer by tincer trnckft to 
.Ihc Wurk-5itu..Bnd sprucing done prdrmbly b^y means orsulf 

paver with aititiible SfBWedj isapnble of 

■ prypdirg the in1]\turo-.tq..g|-iide.^ jme and crcjsil ftecfitiTiH 

^ The nii>(;.!f]yiil b^ spread: hi su;ch:a maiinc.r that after cotuDac- 
Imii, Itie leriiiired thickness of binder/base cbii.rsb is uniforml ^laitl, 

Longitudinal Joints and edges shall be eorisiriicts’cl tru. m ih» 
dd.ncatmg ,m- parallel tp the centre line of hi plvemeht 
Longitudinal joints sliall be ■offset at least by I St) . nmi frOmTholc 
on base paiirae, if nny. LonEilu'tiinal initl triinsverse joints shall be 
pifioefl In the- vertical plane aftch outtjng liibi: ' Id' the ofieinol 
tliickness -of the previously laid mix. TEe vertical 4dt ®fl. 
Iglinst’‘it.’’”‘"*“‘*' bitfrach piitjr to laying of fresh mix 

(?.4. Coiapaction i 

rnix afte.r spreading ahaII be l;horongbiy cumpaeted bv 

?v more tta Om per tur 

immediately foliowmg Glpae to the paver. The initial nr hTfSAt' 
down rolling shall be with 8 to l,2^onnes, ttie wheel sfeei 
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rofkr and tliti fliiitilied r.olHiig with 14 cp 10 tontiea tti'ridcm roller; 
Before ilnts-'hing wiili the Unddm roller^ breakdown roiling'sball 
pre fc ra bl.y be fo I low e d b y, a n i nte.r ni e d tate ■ ro IJ j n.g wit h a s mo oth 
wlipel pneumaticToiler of 15 to 30 tonnes having n tyro p.rpsa;iii'<i 
of 7 kg per om^.. AiJ the’* cprapactiOEi operations i.e^ breakdowii 
roHi-Tigf 1 ritermediate rolliag atitl finished rolling can be ^aeoompti- 
shed by using a vibratory roller of S' to 10 tonnes. statJO-:,,-weight. 
During finished roliijig, the vibratory gystera siiftll bo switclied 
olL The joint’s mid edges shall be rolled with « 14 tt) 10 tonnes 
static roller. 

The; wheels-uf roller shall be ke'pt^..HQOisyp prevent the mix 
from -lidlf^ring to themi But -iJi jvo case shall Fuei/Eiibricating oil 
be",used for Ibis purpose nor excessive water poured-on the wheels 
and rolling'shall cortimonoe'longitudinally from edge.-and proceed 
towarda the centre, except,that on superebvated pdr^on, it sHall 
progress fro-ip the, low^er to' upper edge pirailel tu tb'e centre lint 
of the' pave me ill. The to 11 eh-shall proceed-on tiie fresh material 
witlv.rear or fixed wheel leading.s<>,;as to. minimise the pushing_ of 
the mix and each p.assj of the to lie r shall .overlap the preceding 
one by half the width of the rear wheel, Rolling shall be continued 
till the d'esji'ed density is achievedr" 

6.^. Opening Co Trafilc 

TraffL.c pan be allowed allcr completion of the final rolling 
when the .miK has Cooled dpw-n to the-sdrroundiijg temperature... 
However..^ the dense bituminous macadam course shall be covered 
by a suitable we.aring course prior to regular opening-to. normal 
traffic a n d/o r 1 in pe n d in g ra i n. 


7, controls 

Adequate quality control at cver.y ;stag.c s.ii' tiie work' is 
essential and as 'such a field Jaborato.ry m.Ust be set up to ensure 
the Polio wing c'on'trtil.s. 

fl 7 d, Pe rio d 1 c g ieve ap a.ly sis:,.b f. e'a ch type .. 'df t lie^ agg regatc a £ 
tlie cold feeder .(snit! bb made to -sec.- that the gradatie^n bf 

aggregates fpildwg th^ 'briginal gradation'. aa desjghedL TbP number 
of samples per day won JclMe pend upon the number of hulk supply 
of The aggregates niad.e in a dfty -.at^ the pl£i.nt site, Physical 
properties such da aggregate Im^lc't valud/Lo's A-n'gelcs Abrasion', 
flak I'ness'index and-atripping'vaEue'S'bhll be deter mined at the rate 
ofOdc test each fn.r:evcry 50-10(1 df uggregate or. as, directed by 
the Engineer-in-charge*, 
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7.2. check D ]1 peiietriiLiori and soften iiig pdiiU oi” the 
bitumen shall also be -done iji tlie manner specified in Indian 
Sta nda r d s Wl 1203 a n cl 1205-1-978. 

7.3. It.shall he cnaured that the aggregate are not totafly 
wet otherwise it livould affect the output of the. phnt adversely. 
The aggregate Len.ipe rat lire mca.'iu.nng device installed "at the tsnd 
ot the-dryer shy II be checked pc-ntxjEcaliy to. see th-yt the.:aggregate 
LernperatUre never dkdeeds t63''G,. A tolerance upto id'C on the 
lower side may be permitted. 

7:4, At no lime the difference jji temperalurt between the 
aggregate and bitumen should .exceed 14*C.i 

7.5, The b.ltumep tcmpera.f-ere should be well witliin the 
limits specified I The vIsppSTiy of heated bitumen shall he between 
150 to 300 centi stokes foY which the oonnaE t.empurrEture range 'for 
paving bitumen fs between 150 to 177^C. 

7.6., PerioiLilc cheeky of the-aggregate at the-gradation control 

unit {-jfdhc pjant is fitted witJi one) or itt the hot bin gates,sho.nl^' be 
made to sec that the propoYtidn of thc aggregales, as isp.ec-ified ir^ 
the job-mix formula is compiled w‘itli'. ^ ' 

7,7. At least on.c sample IdYevery lOO tonnes of bifurnfnoiis 
mix dischaTged at the pugmilJ chute or a mtnimum of orie,sample 
per plant per day shall ba collected .and the follbwiny rests .dpne. 

7.7.1. Three Marsh all specimen?-, .shall be prepa-ted and 
tested for tEie average stability flow, voids contenl and density. 
The values should closely follow the khoratory design values,. 

7.7,2^ Bitumen shall be ektr!act,ed fforn -ahoui 1000 guis ,of 
the rti IX a n d h i t u me n co nte n t xlefc rm iiled. 

7.7.3. A sieve-Etna lysis of the aggregates after the bitumen 
is extracted .shall be donc^and the gradation determinicd. 

The permlsaible varlktians p.f the individual percentages o.f 
tlic various ingredients in the actua] mix.from the job-mix foi'mLij.a 
shall be within the limits as -speeiJied In Table 4. 

7.S; The temperature of the mix flt the time of laying shaft 
noLexcecd id0°C and shall npt be less than 12t>®G. 
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T.vBr.p, 4. PtBMlSiiaiiLE VaKIATJii ns PIIOM JfQD-MlS FoRMCL^ 


Sieve sf^ea 

Permissible variyliou by 
wel^t of total mix 

1^.2 mm and larger 

3 .F^c'r atrt L 

9.5 liem and 4^75 mm 

i 7 

2;36 mm and 1.1^ mm 

=: 15 

dOdjAfr and 300 [jjn 

±- 5 

t5b {ini 

±4 

75 jiiar 

± iJ ^ . 

BitunKm C£>etei(]t 

=b 15.^ tt 


1.9; Kijlliujj operatif]]is.:s.haJJi be ci>ndutced wbcr the mix is 
neither toe hot tioj; ■ooJd so that shoving or hair c-raok-s niay be 
eliminated. Rolling cpei^atiobs sh-all be completed in every respect 
before the temperature ai the mi;t falls be to w SO'^C- 

7J0h After the mix is oompaeted. th^j.. thickness Eald may be 
cliebked by noting the de.plh of pfcnetrafion’of ho^ se'aie.’ This 
shall also be cbrre.tatetl with the measured area of tiie stirface laid 
and the total plant output of the mix in tonnes (as given in the plant 
scale in a d.ay). 

7JJ, For every 500 Hi" Of less of ooTOpacted surfaoe, one 
held density test is. to be conducted to determine .the de.nsity of the 
mix as hidrCOTnpa.d.ed and finished. Tlie density shall noi be leas 
than 95 pFC c.erit of the laboratory denaity.- 

7.12^ The ioiigitudlnal profile of the finssbed .surlae.c shall 
be tested with a .straight edge, 4..5 m longf and tJie transverse 
profile with a camber template. Any iTrep,u[aj,'itic3 greatbr than 
'8 mm ill llie longitudinal plofite a.nd d mm in the t ransverse profile 
shall be cori'ected. 

S. Dense bituniihuiiii macadam shall ubt be laid .on a damp 
or wet base course and normally when the atmospheric tempera'- 
ture in the shade is 15°C or less. 
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29. 

iL 

n, 

34 

35, 

■ 37 . 

33. 

39. 

41.1. 

42; 

43; 

44. 

45. 

46. 

m 

43. 

49, 

50, 
5J. 
53„ 

5^, 

.S’4f 

? 5 '. 

56. 


T, K. Natjltajan Dspiity DirieGtor.<!l^-.H-5ad, .foil Mechanics Divfr 

“ .“lion, G.'^'n i r h t Txi.stfni^ 

Eitgineef-] fl-Ci 1 .^^^F■'e'unl■‘Sec^e^a^:y to t Uc Govi;i■ of 
priissji 

DtfpOAy.- Dlrficipr.- & T-£ead, DJ/iBJonj 

Ccnltal Road '^S^arcb 

LJir^oioV ^Clvil' K &s&I Kdiuri 'Sitimdardt Tiaatitu' 

Dion -*'■ 

Hs&d xjf.t.h.c .rJcptt. of' Tratnc',& Tfiinapfortatiati. 
ScJtdoJ of Plannjxijf aiiEL'ArcJicLtfi^mriir 
Add I. Chief'EngEntfcr, Jl-in-p’s. Branch,,33) Eenri 
Zone 

Scc^y. xo ihc Govt.' of MaharBSfnra, ?.W>D; 
<Retd.); 

Chief B!].^Tnee:r,. West ilcagai PubJk Works. 
(Roads) Dircetdrab 

Majv Getiv J, C- Sitchdava- .Director General Border Roads 


D. C. Panda 
Y,; R> miU 
.G. Raman 
Prof, M,rS, V, Rao 
Col V. K. Rao 


V. S. Ranc 


A.,K.' Roy 


Dr. O. &i. Sahgul 


.Ponjab Eusincering College. 


PrirkcJpai, 

CKmadigarLi 

;i25j r4elirii Apartment, Kalkajl, 
lMewD.d!li“ll0pl9 

Gbief t'VaJLiiicIoii}, itteotiic Tax Depart- 

ntcQt 

Hcjid, Trfl'1Iie;.pjt?S^0ri, Ceniral Road Reaearck 

Chib E;tgkiei-*r (R.oaJa/Stand^iirdsj;), h^itilstry'dif 
TraDSp.O[i/Depit..Qj,' Jiurfiite TrajQsi,por.t' 

Chief Engineer. Ministry of TfaijHport ('R.otdLj 
Ctiiel' EogihcLT. R-ashroir R.W.D., B & .R 
Adviser (Conimodjcaiicin). Bihar Stab Plancimg 
Board 

CJiicf En|inccr (floUEji), Puiyat' P.'W.D,, B R 
ExetPiivc Dir^otoi;,, .Natici.ns1 I'rah&poratlon 
PlfoniriB and RtrScardh Centre 

Swann«athan DJicctOr, Central Road RcscareJi Injstitnfe (R'etd.) 

Re&eyrcli Manager^ R-fc-D (^mre* Indicin Oil 
CorpordcibQ Ltd., Fariddhatl 
.Director, G, R. P.W.D. Roscaiefi Instituto 
Dj reel or, Gojurat Engin-tjermg R.Meareh Institute 
The Diribfdr (D- Mohan) Highways Utwea^ch;SJ•hiiGgatl,^^I^ 
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(R>K, Samanta) R.& R'Res'pa:rcEi InsUtute^. Fqjlan, West Bengfil 

TEie Pfciird.cni, IndiaTL Roads CotLijreM 1,R;.T, Alrfi) ' 

The .Director ■G bnerarfR'cbd Deybopdwhi) & Addi, , 
to the Govb of i.Tid hi. (K K. Sariii) 

The Secretaryf [nditin R^flids Cotigrcaa.^Ninan Kdahl) 
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R.K. Saxona 
Nj Sen 
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